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(57) Abstract 



An electromagnetic ram comprises two tubes (12, 15), one nesting within the other and closed at opposite ends to form an enclosed 
space. An electromagnetic system, either having coil or moving coil or moving armatuie is provided to cause relative linear motion between 
the two tubes (12, 15). One of the tubes has an opening to pemiit fluid flow into and out of the enclosed space. The ccmstruction provides 
a ram which is capable of resisting lateml loads. 
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Electromagnetic Apparat us for Produ cing Linear Motion 

The present invention relates to electromagnetic apparatus for producing 
linear motion, 

5 The conventional way of producing linear motion is by using a 

hydraulic or pneumatic piston and cylinder device or by using a rotational device 
such as an electric motor with a rotary to linear transformation mechanism. Each 
solution has its strengths and weaknesses. In recent years a further solution, the 
dc or ac linear motion, has been used particularly where precise positioning of a 

10 movable load is required as a linear motion avoids the need for a rotary to linear 
transformation mechanism. A disadvantage of the linear motor is that it produces 
an actuator which is asymmetrical with a strong force imbalance between the 
armature and the stator in that they are mutually attracted. Further, linear motors 
have been designed to be placed in a horizontal position, driving the load along 

15 tracks or bearings within or alongside of the motor. 

In WO 93/01646 there is disclosed an electromagnetic device arranged 
to operate as a piston and cylinder device. Conceptually, the stator of this device 
can be considered as being the stator of a conventional motor slit along a plane 
passing through the axis of the armature and imroUed. The uncut ends of the stator 

20 are now brought together to produce a tubular stator forming a cylinder. The 
piston member is provided with ring shaped magnetic portions. 

Further, such a device can be used in the construction of a combined 
electromagnetic/pneumatic actuator. The pneumatic part of the acmator provides 
a static force which may be sustained indefinitely with little or no power 

25 consumption whilst the electromagnetic part, working simultaneously, is capable 
of providing extremely fast changes in net actuator force and therefore provide the 
control and precision which are missing from a pneumatic actuator. 

The present invention is a modification to the device disclosed in WO 
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93/01646 and is intended to provide an electromagnetic apparatus for producing 
linear motion which must be capable of causing linear motion at angles between 
the horizontal and the vertical and be totally enclosed without any significant stray 
magnetic fields. 

5 The present invention provides a device for producing a linear motion 

comprising two cup-sh£q}ed members, one sliding within the other and forming an 
enclosed space, a first means for producing a magnetic field alternating in polarity 
along at least a part of the length of one of the cup shaped members, and a second 
means for producing a further magnetic field alternating in plurality along a 
10 portion of the length of the other of the cup shaped members for cooperation with 
the first magnetic field, and means for controlling the polarity of at least one of the 
magnetic fields whereby to cause linear relative movement between the two cup- 
shaped members. 

Preferably, one of the cup shaped members has an opening to permit 
15 fluid flow into and out of the enclosed space. 

The device may be constructed as a moving coil or moving magnetic 
arrangement as desired. Preferably the coils are energised by a three phase 
alternating supply. 

Depending on the application, the fluid may be air or a different 
20 compressible fluid. It should be noted that the fluid within flie device does not 
itself need to be compressible providing that it is connected directly to a reservoir 
filled with air or other compressible gas whose pressure is modified by the 
movement of the non-compressible liquid, so that the liquid itself appears to be 
compressible. 

25 In order that the present invention be more readily understood, 

embodiments thereof will now be described by way of example with reference to 
the accompanying drawing which shows diagrammatically the basic concept of an 
electromagnetic actuator according to the present invention. 
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An electromagnetic device for producing linear motion comprises two 
relatively movable cup-shaped members which are arranged to slide one within the 
other with their closed ends forming the ends of the device. One of the members 
is arranged to constitute a so-called stator member while the other can be 
5 considered as forming either a moving coil or a moving magnet armature. It is 
apparent that a number of different devices can be constructed within this broad 
description and the present description will refer to only one such construction. 

Turning now to flie drawing, the electromagnetic device is indicated by 
the reference numeral 10 and comprises a first cup-shaped member 1 1 which, in 

10 this case, is fabricated from a tube 12 one end of which is closed by an end 
member 13 which is provided with a passageway 13a arranged to permit a 
reservoir (not shown) to be connected to the member 11. The passageway 13a 
opens into the interior of the cup shaped member. 

Mounted within the tube 12 is a ftnther cup-shaped member 14 

1 5 fabricated finom a tube 1 5 one end of which is closed by an end member 1 6. The 
cup shaped members 1 1 and 14 are disposed so that their end closure members 13 
and 16 are disposed opposite one another. Consequently, by causing relative 
movement between the two cup shaped members 1 1 and 14 one can alter the 
volume within the device. 

20 Any suitable electromagnetic system for causing relative movement 

between the members 1 1 and 14 can be xised. In the present example, the open end 
of the tube 15 is provided with a magnet section 17 which extends only part way 
along the overall length of the cup-shaped member 14. It will be seen that the 
magnet section 17 is annular but the bore of the annulus is of smaller cross- 

25 sectional area than the bore of the tube 1 5. In this embodiment the magnet section 
is formed by a series of permanent magnets linearly arranged and disposed around 
the circumference of the cup-shaped member 14. The magnets 1 8 arc contained 
between pole pieces 19. 
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The magnet section 17 thus produces a magnetic field which is arranged 
to cooperate with a further magnetic field formed when coils (not shown) located 
in formers 20 are energised fix)m a suitable source (not shown) in ord^ to produce 
linear motion. In the present invention, it is intended that the coils will be 
5 energised firom a three-phase alternating current source and this means tiiat, as 
shown, tbere are foiu* sections of coils each with three coil elements making a total 
of twelve coil elements in totaL 

With this arrangement, assuming that the relative axial positions of the 
two cup-shaped members is determined using a suitable position sensor and a 
10 sine/cosine resolver, the resulting device can produce an accurate stroke. 

It will be appreciated that due to the fact that the arrangement utilises 
two cylinders one sliding within the other, and the cylinders are carefiiUy 
joumaled to each other using suitable bearings, this arrangement is very resistant 
to lateral loads. Additionally, tihe above arrangement can be effectively sealed so 
15 that tiie device can be used in hazardous or difficult enviroxmients. 

Various modifications can be made such as the electromagnetic 
arrangements can be readily altered in any convenient fashion. Also, if necessary 
vent holes can be formed in the tube 1 5 to prevent any vacuum effects between the 
relatively movable tubes which mig^t result in resistance to movement of the 
20 tubes. 



wo 98/37616 



PCTyGB98/005!M 



5 

CLAIMS 

1. A device for producing a linear motion comprising two cup-shaped 
membens, one sliding within the oth^ and forming an oniclosed space, first means 

5 for producing a magnetic field alternating in polarity along at least a part of the 
length of one of the cup shaped members and a second means for producing a 
further magnetic field alternating in polarity along a portion of the length of the 
other of the cup shaped members for cooperation with the first magnetic field, and 
means for controlling the polarity of at least one of the magnetic fields whereby 
10 to cause linear relative movement between the two cup shaped members. 

2. A device according to claim 1 , wherein the coils are energised by a three 
phase alternating supply. 

15 3. A device according to claim 1, wherein one of the cup shaped members 

has an opening to permit fluid flow into and out of the enclosed space. 

4. A device according to claim 3, wherein the fluid is compressible. 

20 5. A device according to claim 4, wherein the fluid is a gas. 

6. A device according to any one of the preceding claims, wherein the cup- 
shaped members are formed by tubes closed at one end and nesting one within the 
other. 

25 

7. A device according to any one of the preceding claims and comprising 
a reservoir coimected to the interior of tiie enclosed ^ace formed by the two cup- 
shaped members. 
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